We evaluated the surgical outcomes of non-ischemic, non-renorrhaphy Laparoscopic partial nephrectomy (LPN) using a microwave tissue coagulator (MTC) for small renal tumors. Methods : From June 2003 to February 2014, 75 patients with small renal tumor underwent non-ischemic, non-renorrhaphy LPN with an MTC. Results : The median operative time was 167 minutes and the median estimated blood loss was 6 mL. No patient had conversion to radical nephrectomy. The histopathological study revealed renal cell carcinoma in 63 cases and a positive surgical margin causing local recurrence in one. Five-year local recurrence-free survival is 97.8%. There was no significant difference in eGFR during perioperative values. Conclusions : Non-ischemic, non-renorrhaphy LPN with an MTC for small renal tumors seems to be a simple and less invasive surgical option without a loss of renal function. microwave transmission: 3-4 mm at the apex and 10-12 mm at the base of needle applicator without carbonization.
Introduction
The standard treatment for renal cell carcinoma (RCC) is surgical resection, and classically, radical nephrectomy (RN) has been considered the standard care of all suspected RCC [1] .
Recently, partial nephrectomy (PN) has been shown to achieve oncologic outcomes similar to RN in T1-2 renal tumor [2, 3, 4, 5, 6] . European Organization for Research and Treatment of Cancer (EORTC) intergroup phase 3 study showed that comparing RN with PN in solitary T1-2 N0M0 renal tumor < 5cm with normal contralateral kidney function and a World Health Organization (WHO) performance status (PS) 0-2 in a prospective randomized control trial (RCT), and that there was no possible overall survival (OS) differences between RN and PN [2] . Furthermore, PN has been shown to provide improved renal function, a lower risk of cardiovascular events and improved survival, compared with RN [7, 8, 9, 10] . Sun et al. demonstrated that the 2-and 5-yr other-cause mortality (OCM) rates after nephrectomy were 5.0% and 16.0% for PN versus 6.9% and 18.1% for RN, respectively, and that in the postpropensity multivariable analyses, patients who underwent PN were significantly less likely to die of OCM compared with their RN-treated counterparts [8] .
In addition, a trend to minimally invasive surgery had led to laparoscopic partial nephrectomy (LPN) to be accepted as a surgical option. When LPN was compared with laparoscopic radical nephrectomy (LRN) in RCCs, there was no difference in OS, cause-specific survival (CSS) and recurrence-free survival rates (RFS) [11] . In addition, LPN is feasible, with a similar complication rate and amount of blood loss as seen with open partial nephrectomy (OPN) [12, 13] .
The advantages of LPN include reduced narcotic requirements and hospitalization time [14] .
An MTC (Microtaze, AZM550 TM, Alfresa, Osaka, Japan) was developed in Japan and it was promoted for clinical use by Tabuse in 1979, aiming at partial hepatectomy without ischemia and suturing [15] . The tissue coagulation with an MTC was caused by heat energy that produced by the rapid oscillation of water particles at 2,450 MHz microwave.
The microwave energy induces a conical shaped coagulation area around the needle applicator. The extent of the coagulation area reaches a stationary phase after 30-40 s of 
Results
Non-ischemic, non-renorrhaphy LPN with an MTC was performed for 75 patients with small renal tumor ( Table 1 , Table 2 ).
The MTC technique used has been described in detail elsewhere [16, 17] . Briefly, an MTC was carried out as follows ( Figure 1) . The margin of normal kidney tissue around the tumor was more than 5 mm. The resection line, 5-7 mm from tumors, was coagulated at 8-10 mm the intervals with an MTC needle applicator for 30 seconds in 60-65 W.
Subsequently, the tumor was excised using laparoscopic scissors by cutting the middle portion of the coagulated zone without renal ischemia. The specimen was placed in the laparoscopic bag and retrieved through the abdominal incision.
Renorrhaphy was not necessary. When there was hemorrhage on cut surface of kidney, we performed additional coagulation.
Indigo carmine was intravenously injected to evaluate injury of urinary collecting system. Postoperative renal function was evaluated with estimated glomerular filtration rate (GFR) in 4-6 weeks after LPN.
Statistical analysis
The data of age, operative time, pneumoperitonium time, estimated blood loss and pre-and postoperative GFR The mean follow-up period was 27.9 ± 24.2 months (range 3-135). In RCC cases, local recurrence occurred in 1 patient, who had a positive surgical margin in the specimen.
Five-year local recurrence-free survival is 97.8% (Figure 2) . Only one patient had a minor urine leakage, which was conservatively treated with ureteral stenting drainage.
There is no predictor associated with operative time.
Only N score in RENAL scores was significantly associated with EBL on univariate analysis (P = 0.0097) (Figure 3) .
The postoperative renal function evaluated with estimated eGFR 4-6 weeks after LPN. This result was shown in 
Discussion
Our result demonstrates that non-ischemic, nonrenorrhaphy LPN with an MTC is feasible in term of less invasiveness, safety, less estimated blood loss, and postoperative renal function.
An MTC (Microtaze, AZM550 TM, Alf resa, Osaka, Japan) was developed in Japan and it was promoted for clinical use by Tabuse in 1979, aiming at partial hepatectomy without ischemia and suturing [15] . An MTC was applied to partial nephrectomy without ischemia and suturing and was previously reported the usefulness in PN without renal ischemia [16, 17, 19, 20] . 
Statistically not significant
The laparoscopic ultrasound probe provided a guide for strategic surgical resection. The approximation of the tumor margin with renal sinus fat or collecting system was determined by the ultrasound probe before laparoscopic resection. The visualization of the tumor margins enabled strategic placement of additional laparoscopic ports to provide optimal approaches for tumor resection to obtain negative margins. It is essential to confirm tumor location by preoperative imaging such as CT, MRI and intraoperative laparoscopic ultrasound probe.
Our study of this LPN with an MTC has limitations. First, it is a retrospective analysis. We selected only patients for LPN
with an MTC f rom preoperative image and it is possible that a selection bias existed. Second, we did not compare the benefits of this method with the conventional method and designed as a single arm study. Finally, this method is not always feasible for all tumors, although LPN with an MTC is a usef ul and minimally invasive surgical method without renal ischemia,. Considering the angle of needle puncture and cutting of tumor, this procedure was suited better for exophytic tumor and polar located tumors. Furthermore, a possible weak point of an MTC device might confer thermal injury to normal tissue surrounding a tumor, but the estimated loss of renal f unction is minimum in our previous study [16, 17, 28] Therefore, cooling the parenchyma by iced water is a simply best countermeasure protective for heat damage during this procedure.
Conclusion
Non-ischemic, non-renorrhaphy LPN with an MTC for small renal tumors seems to be a simple and less invasive surgical option without a loss of renal function. However, several important points are noteworthy for making the decision to use this device for LPN. For determination of the exact location before needle puncture and resection of tumor, tumors peripherally located and exophtic type are suitable.
We concluded that exophytic and small tumors, approximately 3 cm or less in diameter, are considered good candidates.
